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irradiation  provoked  an  increase  in  marrow  and  splenic  (Monogenic  cells  that  was  earlier 
and  greater  than  that  noted  for  irradiated  mice.  Supranormol  levels  of  splenic  CFti-s 
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SKIN  WOUND-ENHANCED  SURVIVAL  AND  MYELOCYTOPOIESIS 
IN  MICE  AFTER  WHOLE-BODY  IRRADIATION 


G.  D.  Ledney.  D.  a.  Stewart.  K.  D.  Exum  and  R  A.  Shhehv 


Delayed  wound  healing  and  increased  mortality 
were  documented  in  rats  and  mice  subjected  to 
whole-body  exposures  of  midlethal  radiation  doses 
(SlROMBERG  Ct  Coll.  1968.  l.ANGENIJORFE  et  Coll. 
I%4).  Contrary  to  this,  it  appears  that  wounding 
before  irradiation  may  enhance  survival  and  only 
minimally  interfere  with  the  processes  of  wound 
healing.  However,  the  data  regarding  this  finding  are 
equivocal.  In  rats  wounded  7  to  9  days  before  a 
lethal  dose  of  radiation,  the  survival  was  not  in¬ 
creased  (Kinnamon  &.  Haiiuhu.d  1965).  The 
wounding  of  rats  4  days  before  a  midlethal  radiation 
dose  resulted  in  no  increase  in  survival,  but  survival 
numbers  were  im  reused  when  wounding  preceded 
radiation  exposure  by  24  h  (St  Romberg  et  coll.).  In 
mice,  a  tendency  toward  enhancement  of  survival 
front  a  midlethal  radiation  dose  occurred  in  animals 
wounded  at  various  times  up  to  one  month  before 
irradiation  (Lanuenporee  et  coll.). 

Profound  perturbations  are  produced  in  the 
myeloproliferative  compartments  in  mice  ( I.edni.y 
et  coll.  1980)  after  wound  trauma  and  in  man  I  Philip 
el  coll.  1980)  alter  surgical  trauma.  The  changes 
produced  in  the  proliferative  compartments  sub¬ 
sequent  to  trauma  are  reminiscent  of  those  seen  in 
individuals  treated  with  cytotoxic  agents  (I.EDSEY 
1970.  Millar  et  coll.  1978)  that,  when  injected  at 
the  appropriate  time,  result  in  enhanced  survival  and 
hematopoietic  recovery  in  irradiated  animals.  Thus, 
it  was  hypothesized  that  survival  and  myelopro¬ 
liferative  recovery  would  be  enhanced  in  animals 
subjected  to  a  skin  wound  before  irradiation.  Uotli 


survival  and  changes  in  colony-forming  cells  consist¬ 
ent  with  survival  from  radiation  were  noted  in  mice 
wounded  before  irradiation. 

Materials  and  Methods 

Animals.  Female  mice.  (CmHIM  X  CBA)bl  Cum 
HR.  were  obtained  from  Cumberland  View  barms, 
Clinton.  Tennessee.  All  mice  were  acclimated  to 
laboratory  conditions  in  the  following  way.  Hirst,  for 
a  period  of  2  weeks,  the  animals  were  housed  in 
groups  of  Is  in  a  quarantined  facility  until  a  random 
sample  was  found  to  he  free  of  histologic  lesions  of 
common  murine  diseases  and  until  sterile  water  bot¬ 
tle  cultures  of  all  animals  were  found  to  be  free  of 
INeudomonas  spp.  Secondly,  the  animals  were 
housed  in  groups  of  $  mice  each  for  2  weeks  before 
experimentation.  The  mice  were  between  It)  and  Ift 
weeks  old  when  used.  At  all  times,  the  mice  were 
kept  on  a  6  tun.  (light)  to  ft  p.m.  (dark)  cycle  in 
filter-covered  cages.  Wayne  LnMIlox  diet  was  pro¬ 
vided  throughout  the  quarantine  and  experimental 
time  periods.  Chlorinated  (12  ppm)  water  was  pro¬ 
vided  after  the  quarantine  period, 

Wtwinlina.  A  2.0  to  2.5  cab  circular  wound  was 
cut  in  the  anterior-dorsal  skin  fold  and  underlying 
panniculns  carnosus  muscle  w  ith  a  steel  punch.  The 
punch  was  cleaned  by  immersion  in  70  G  ethanol. 
The  wounds  were  left  open  to  the  environment  and 
were  not  treated  in  any;  way.  Groups  of  mice  were 
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wounded  under  light  Metufane  (niethoxyflurane. 
Pittman-Moore.  Inc..  Washington  Crossing.  New 
Jersey)  anesthesia  between  10  a.m.  and  2  p.m..  24  h 
before  or  after  “"Co  irradiation.  Such  a  wound  con¬ 
stitutes  about  4  per  cent  of  the  total  skin  surface  area 
and  is  not  lethal  to  the  mouse.  Groups  of  irradiated 
non-wounded  mice  were  subjected  to  the  anesthetic 
either  before  or  after  exposure  to  radiation. 

Irradiation.  Mice  were  placed  in  Plexiglas  re¬ 
strainers  and  given  whole-body  irradiation  with  0.4 
Gy/min  by  bilaterally  positioned  “"Co  elements  con¬ 
taining  5.  IS  PBq  (140000  Ci).  All  irradiations  were 
performed  between  10  a.m.  and  2  p.m.  Dose  deter¬ 
minations  were  made  with  the  use  of  a  50  ml  AFRRI- 
designed  tissue-equivalent  ionization  chamber  cali¬ 
brated  against  a  National  Bureau  of  Standards 
ionization  chamber.  The  dose  provided  within  the 
exposure  field  varied  3  per  cent,  as  determined  by 
thermal  luminescence  dosimetry  conducted  within 
tissue-equivalent  mouse  phantoms. 

Cell  preparations.  The  spleen  and  all  long  bones 
of  the  hind  legs  were  removed  aseptieally  from  eer- 
vieally  dislocated  mice  and  placed  in  Roswell  Park 
Memorial  Institute  (RPMH-IM0  medium  l Mow 
latbs.  Rockville.  Maryland)  on  ice  (4T),  Bone  mar¬ 
row  cells  were  cxpulsed  by  a  syringe  and  a  25-gauge 
needle.  The  spleens  were  minced  with  scissors  in  it 
glass  vessel.  All  cell  preparations  were  passed 
through  6  tt>  8  layers  of  nylon  mesh  and  were  washed 
two  times  in  RPMI-1640. 

( olony'fominu  nnihspleen  (C/T  ‘-w  away.  The 
ITU-s  assay  was  performed  by  intravenous  injec¬ 
tion  of  groups  of  6  to  8  irradiated  mice  either  with 
25*10*  spleen  cells  or  25*10*  bone  marrow  cells. 
Kndogcnons  spleen  colony  formation  was  obviated 
by  giving  HhC'BFI  mice  10  Gy  of  “To  irradiation  at 
0.4  Gy/min.  Irradiated  mice  were  engrafted  with  the 
cells  within  4  h  of  irradiation.  The  spleens  were  re¬ 
moved  8  days  later  and  fixed  in  Bonin’s  solution  for 
2  to  4  It.  alter  which  the  surface  colonies  were  count¬ 
ed  independently  by  three  persons.  The  average 
number  of  colonies  per  spleen  was  determined  from 
the  three  counts.  The  number  of  (TU-s  per  HP  nu¬ 
cleated  cells  was  determined  by  multiplying  the 
a  verage  numlier  of  nodules  per  spleen  by  the  appro¬ 
priate  factor  and  then  preparing  a  grand  mean  from 
the  adjusted  values  for  each  treatment  group.  The 
total  tissue  quantity  of  (TU-s  was  determined  by  tak¬ 
ing  intt*  account  the  number  of  O'U-s  per  HP  nu¬ 
cleated  cells  and  the  total  number  ot  nucleated  cells. 

SoJhUHttr  t'ltmwme  assay*.  The  colony-forming 
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Pig.  I.  IVr  vent  ,'lMny  mortality  (prohits)  of  mice  given  a  a  per 
vent  hoily-M'.rfavc  skin-wound  either  24  |i  More  or  24  h  after 
whole-hody  '“’Co  irradiation.  values  w  ith  alttfiuling  Y5  per 

vent  confidence  limits  ( ’ )  are  presented  in  the  figure.  Wounded  24 
h  after  irradiation  (A):  wounded  24  li  before  irradiation  (•). 
irradiated  controls  <■>. 


unit-culture  (CTU-e)  assay  for  granulocyte-mac¬ 
rophage  progenitor  cells  and  colony-forming  cell  as¬ 
say  for  monocyte-macrophages  tM-C'FO  were  done 
its  follows.  A  two-layer  agar  system  was  used,  con¬ 
sisting  of  a  firm  0.5  r>  nutrient  agar  underlayer  con¬ 
taining  colony-stimulating  activity  tl’SA)  and  an 
overlayer  of  0.3  ri  nutrient  agar  containing  either  HP 
spleen  cells  or  2.5*  10*  hone  marrow  cells  per  cul¬ 
ture  plate.  Extracts  from  the  placentae  and  uteri  of 
pregnant  mice  tPMUF)  were  used  its  the  source  of 
CSA.  The  maximum  C’SA  was  observed  with  a 
3.3  G  concentration  tv/v*  of  PMUF  in  culture 
medium  plus  agar.  A  single  preparation  of  PMGH 
was  used.  Approximately  100  to  200  colonies/ |(P 
spleen  cells  derived  from  normal  mice  of  either 
strain  were  measured  at  this  PM UF  concentration. 
Three  replicate  plates  were  incubated  at  37T  in  5G 
COj.  Plates  were  counted  for  (‘FU-c  colonies  (  50 
cells)  and  clusters  <-  50  cells)  after  10  days  of  in¬ 
cubation  and  for  M-ITT  colonies  at  21  days  after 
culture.  The  number  of  each  colony  type  per  HP 
cells  and  the  total  tissue  quantity  were  determined 
as  described  itt  the  section  on  ITU-s. 

Results 

Mortality  and  starival  limes.  The  mortality  of 
mice  subjected  to  wound-trauma  either  24  h  before 
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Table  1 

Mortality  ami  .survival  times  of  mire  given  a  -I  percent  body-surface  skin-wound  either  24  h  before  or  24  h  after 

whole-body  'o  irradiation 


“Co 

1  ( iV  f 

Wound  24  h  before  irradiation 

Wound  24  h  after  irradiation 

Irradiated 

controls 

Mortality 

fraction* 

MST+SE** 

Mortality 

fraction 

MST+SE 

Mortality 

fraction 

MST+SE 

7.0 

0/51 

_ 

5/51 

23.6±  1.7 

0/31 

_ 

7.5 

0/15 

- 

0/15 

- 

3/15 

23.0+2.1 

8.0 

5/47 

25.0+0.5 

26/44 

7. 1+0.2 

14/47 

19.6+0.8 

8.5 

1/15 

25.0 

14/15 

13.6+1.2 

9/15 

17.811.1 

9.0 

2/47 

20.0+8.0 

42/47 

10.410.8 

45/47 

15.3  +  0.3 

9.5 

5/15 

20.5 1 6.0 

14/15 

II.  1+0.9 

15/15 

14.5+0.7 

10.0 

57/47 

12.210.8 

47147 

8.410.4 

47/47 

12.6+0.2 

1 1.0 

52/52 

9.5+0.2 

52/52 

8.410.4 

32/32 

12.0+0.2 

*  Mortality  fraction  number  of  animals  riving  riming  30-day  period/totu)  number  of  animals  treated. 
**  MST +  SE=  mean  survival  time  +  I  standard  error.  \ 


Per  cent  change 


Days  after  wound 


I  iy-  I  tV*r  cent  change  tn  the  nucleated  eellnlanly  ol  the  long 
Itmes  ol  the  leg'  ami  the  spleen*  of  mice  after  either  it  4  pet  vent 
iHKly  stufnee  'Idn-veimml  given  14  h  Mote*  ?  tiy  “To  tnadtalton 
or  ailet  uradiation  only,  the  line  drawn  at  0  reinesents  tire 
normal  organ  eellnlaniy .  Normal  values  are  appeal  in  laWe  2. 
SymK'Is  iiretbr  irradiation  only  nun  tow  ■  ■  -■  s|deen 1 1— »n. 
|, u  uounduig  tielorc  uradutawu  matinee  A-  ■  -A;  '(Seen  A*  •  -A. 


or  24  h  after  exposure  to  ""Co  radiation  is  presented 
in  Table  I  and  depicted  in  Fig.  I.  The  l.Dvum 
values,  as  determined  from  three  replicate  experi¬ 
ments  are:  K.2  (iy  for  irradiated  mice.  8.09  Ciy  for 
mice  wounded  24  h  after  irradiation,  and  9.71  Gy  for 
mice  wounded  24  h  before  irradiation.  Thus  the  dose 
reduction  factor  (l)R IT  for  mice  wounded  before 
irradiation  was  1.2.  The  data  may  be  represented  by 
straight  lines  <  Fig.  I ).  but  the  slopes  of  the  lines  are 
different  from  each  other. 

Swollen  cervical  lymph  nodes,  symptomatic  of 
bacterial  infections  occurred  in  mice  wounded 
before  irradiation  with  8  or  8.5  (iy.  These  were 
never  noted  either  in  the  other  mouse  groups 
wounded  before  the  various  radiation  doses  or  in 
irradiated  controls.  The  mortality  data  for  these  two 
radiation  doses  are  indicated  in  F'ig.  I.  but  because 
of  their  apparent  isolated  occurrence,  the  values 
were  not  used  in  the  computations  for  the  straight 
line  rcpicscnting  mortality  in  mice  wounded  More 
irradiation. 

The  mean  survival  limes  (MST)  of  mice  dying 
within  a  30-day  observation  period  are  presented  in 
Table  I.  In  mouse  groups  wounded  before  irradia¬ 
tion  with  doses  less  than  10  tiy.  the  MST  were 
greater  than  that  for  mice  given  irradiation  only  .  The 
MST  of  mice  wounded  after  irradiation  were  low  er 
titan  those  for  mice  in  the  other  treatment  groups. 
Swollen  cervical  lymph  nodes,  indicative  of  micro¬ 
bial  infections,  were  noted  in  all  mice  that  died  when 
wounded  after  irradiation  mid  this  may  have  ae* 
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Tabic  2 

Cellulurity  of  limit  bones  of  let's  ami  spleens  of  mice  tifler  either  m  oumt-lruumu  tint I  irriulialion 

or  imuliulion  only 


Treatment  Tissue  Days  after  wounding 

group  assayed* - - — 

3  7  10  14 


4  per  cent  body-  Marrow 

surface  skin-wound  Spleen 

24  h  before  7  fly 
“Vo  irradiation 


2  .4 1 0.0“ 
4.4±2.t 


4.1  +0.6 
3.8±0.4 


13.7  +  0.7 
4.b±0,7 


26.0+6.3 

131.4+0.6 


7  Civ  “Vo  irra¬ 
diation 


Marrow  2.8+ 1.7  1.8  MU 

Spleen  2.1  +0.4  3.3+ 0.4 


5,1  1 0,8  0.2+ 0.0 

3,8+ 1.6  ,13.8+5. 1 


*  Hone  marrow  cells  were  harvested  from  the  paired  luimeri.  femora,  and  tibiofibular  proces¬ 
ses.  Nucleated  cell  quantities  of  normal  bone  marrow  cavities  and  spleens  were  76,2+ 5.6*  UP 
and  45.7  *  3.8s  UP.  respectively. 

**  Values  indicated  are  mean  numbers  of  nucleated  cells  *  UP+ 1  SE  where  n=  12. 


Table  .3 

i'ohmyformint!  unibspleen  if  morrow  oml  spleen  cells  of  mice  niter  either  seoomt-troomo  oml  irritiliniion  or 

imiilntiion  only 


Treatment 

group 

Tissue 

assayed* 

Assny 

method 

Days  lifter  wounding 

3  T 

in 

14 

4  pet  cent  IshIv- 

Morrow 

•Vi  UP 

:s*  is** 

|4i*  |V 

I2‘>  *.  |V 

217*27 

stnfticc  shin-wound 

Vonteiit 

.  TV*  5 

574*  sn 

1  780  +  260 

5710*070 

24  It  Mine  7  Uv 
“Vo  nrmlwtiou 

Spleen 

IVi  UP 

1  / 

10  >  » 

42*6 

im*4 

Content 

3 * + 

37*8 

183  +  18 

II  610  +  470 

7  tiv  “Vo  trim 

Marrow 

IVr  HP 

23  ■  6 

t  *  3 

65  •  14 

l75+20 

dbtlUHl 

Content 

<41*14 

V7*7 

340*80 

1  Will*  180 

Spleen 

IVr  HP 

C  mient 

1 

6*6 

*  1 

10 +5 
47*26 

m*8 

435+2UU 

*  Concentrations  oiffC-s  m  normal  mnrrww  ami  splenic  tissues  were  WM  ■  20  ami  *1  +  2  pet  UP  nucleated  cells, 
tespeelisely  The  CtV-s  contents  of  the  long  Nines  of  the  legs  tuul  splenic  tissue  ot  tuumal  mice  were  2o  680+825 
and  3  Still  >  Uttt.  respectively  In  all  instances,  n~ 12 

**  Values  indicated  ate  mean  uumbeis  wid*T?-s?  I  Mi. 


counted  I'm'  the  curly  deaths*.  this  symptom  never 
occurred  itt  irradiated  control  mice. 

Wontnt  Iwnliiif.  Wound  closure  diftcred  according 
in  Ihc  lime  i»t‘  irradiation  tclulivc  to  wounding, 
l-iisl.  in  mm-imuiiulct!  mice,  wound  closure  was 
completed  in  10  days  witlmtil  formation  ol  n  large 
eschar,  in  mice  wmtmictl  before  irradiation.  wmtml 
enclosure  occurred  in  10  Itt  12  tluys  beneath  an  es¬ 
char  Owl  approximated  the  initial  wound  si/e.  T  he 


eschars  sloughed  nil  between  10  to  20  days  alter 
wounding  revealing  a  moist  depiliatcd  area.  Daring 
the  observation  period,  lhai  area  reduced  in  si/e  and 
produced  grey  hair.  In  mice  wounded  after  irradia¬ 
tion.  the  womuls  increased  in  si/e  lo  a  maximum  3 
or  4  days  after  wounding.  Wound  closure  in  these 
animals  was  delayed  about  4  days  above  ihut  in  mice 
wounded  before  imuliulion.  If  the  mice  survived  the 
combined  iiyury.  eschar  slmiglting  and  hair  growth 
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Per  cent  change 


t-'iy.  V  IVt  ccnl  change  in  the  ».,»»l»»ny-f'*»nnint!  imii-vplecn  pci  MV'  or  niter  imwliation  only.  The  line'*  drown  »1  0  represent  the 

roicltfiilcd  cells  (til  itml  or^nn  content  of  ntarrou  cells  from  the  normal  concenlrolions  and  organ  contents.  The  relative  normal 

long  hones  of  the  legs  and  the  spleens  tb>  after  either  it  *l  per  cent  values  appear  in  Table  3.  Symbols  us  in  Fig.  2. 

body-surface  skin-wound  given  24  h  before  ^  try  “Co  irradiation 


proceeded  atnnit  5  days  slower  than  that  for  mice 
wounded  before  irradiation. 

CdMm'ty.  The  number  of  nucleated  bone  mar¬ 
row  and  spleen  cells  were  determined  in  mice  for  a 
2-week  period  after  the  single  or  combined  stresses 
of  7  Gy  aiul  a  4  per  cent  body-surface  skin-wound. 
The  data  are  presented  in  fable  2  and  in  Fig.  2  as  a 
per  cent  of  untreated  controls. 

Compared  with  the  irradiation  controls,  the  quan¬ 
tity  of  nucleated  cells  in  the  marrow  compartments 
of  tttiee  wounded  before  irradiation  started  the  re¬ 
turn  to  normal  numbers  earlier  (days  7-10)  and  was 
two  to  three  times  higher  than  irradiation  controls  by 
day  14.  Splenic  cell  numbers  in  the  combined  injured 
mice  started  to  return  to  normal  after  day  10  and 
reached  a  value  tenfold  higher  than  irradiated  mice 
14  days  after  wound-trauma. 

CV»/imi,v-/»wii*w  unth-splvm.  The  CITJ-s  assay 
was  used  to  estimate  myclopoielic  recovery  of  the 
Iwttte  marrow  and  spleen  of  mice  after  the  single  or 
continued  stresses.  The  CFU-s  data  appear  in  Table 
3  and  arc  depicted  graphically  in  Fig.  3  its  a  percent 
of  control-untreated  mice.  Compared  with  the  ir¬ 
radiated  control  mice,  wound-trauma  before  irradia¬ 
tion  advanced  the  lime  at  which  noticeable  increases 


in  CTU-s  concentration  were  seen  from  10  to  7  days. 
During  the  test  period,  the  splenic  and  long  hone 
content  of  CFU-s  was  less  than  25  per  cent  of  the 
normal  control  values,  with  the  exception  of  the 
splenic  CFU-s  of  traumati/ed-irradiated  mice  on  day 
14.  In  those  mice,  a  threefold  increase  in  content 
occurred  and  a  twofold  increase  in  concentration  of 
CFU-s. 

Colony-limim  imt-t'iiltm'  tivsuy.  Alterations 
in  the  CFU-o  concentration  and  content  of  the  mar¬ 
row  and  spleen  of  treated  mice  are  presented  in 
Table  4  and  in  Fig.  4.  Wound-trauma  before  irradia¬ 
tion  was  beneficial  in  terms  of  a  smaller  reduction  in 
the  CFU-e  concentration  in  the  myeloid  tissues. 
Wounding  More  irradiation  also  resulted  in  an  ear¬ 
lier  and  greater  return  of  splenic  concentration  and 
content  of  CFU-e  than  that  measured  for  the  tissues 
from  irradiated  mice,  hi  all  neat  meat  groups  of  mice 
given  irradiation,  the  splenic  CFU-e  responses  fol¬ 
lowed .  increases ’detected  first  with  bone  marrow 
cells. 

Motunyti'-iiuu  nijilitW'  rttltwy^Jittwinn  veils.  The 
M-CFC*  quantities  found  in  the  myeloid  tissues  of 
treated  mice  are  presented  in  Table  5  and  Fig.  5.  The 
concentrations  and  tissue  contents  of  M-CFC  were 
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Per  cent  change 


Days  after  wound 

a  h 


I'ig.  4,  l\* **r  cent  change  in  the  colony-forming  nniK'nltmc  per  UP  or  after  irratlialmn  only-  The  tines  slravvn  0  represent  the 

nucleated  cells  tit)  and  organ  content  of  marrow  celts  from  the  normal  concentrations  mul  organ  contents.  The  relative  normal 

long  hones  of  tire  tegs  anil  the  spleens  iht  after  either  a  4  per  cent  values  appear  in  Table  4.  Symbols  as  in  1%.  2. 

body-surface  skin-wound  given  24  It  before  T  Cry  *t*s>  irradiation 


Table  4 

Ctkltv'y^nmiHst  uHin  uliutr  ry'  rwmw  utul  tyiwn  vrlh  of  mke  offer  riiktt  wmnui‘ihiumn  uml  itmlurtitm  »w 

tmuMtm  totfe 


Treatment 

Tissue 

Assay 

Day  s  alter  wounriing 

- 

U3W)VU 

HHrHW 

)  ' 

7 

to 

14 

4  per  cent  body- 

Marrow 

IVrUb 

S4?*I2?«* 

■  323+bSt 

m*i>n 

(091*33 

surface  skin-wound 

Content 

2309*309 

1  429*333 

9  373*92? 

23  194  *  2  490 

24  h  before  7  (ly 

Spleen 

tVr  hr* 

■  4*| 

9*3 

IWi*  14 

234*22 

'•Co  inuduiuw 

Content 

11*3 

30*  lit 

-  ;  423*40 

30  333*2  IhO 

7  Us  “t'onra* 

Marrow- 

Per  lib 

bt«2l 

103*34 

233*33 

349  *  3! 

sliatiort 

Content 

114*33 

190*03 

1  303*321 

3  tttl*424 

Spleen 

Pet  lib 

2*  1 

<1 

23*10 

|4!*f 

Content 

3*2 

I 

»*2» 

I  933*  224 

*  tYrnccflirahmvs  of  CPlf-e  tn  normal  marrow- »nd  splenic  tissues  were  I  3tt3*  J t  ami  U *  I  per  10°  nucleated  cells, 
respectively.  The  tTif  e  contents  of  the  tong  Ismes  of  tire  legs  ami  splenic  tissues  of  normal  uuve  were 
??  031  ,t  2  jig*  uml  1  0M*7f>.  respectively.  to  all  instance*.  a»l2> 

**  Values  unhealed  arc  mean  numbers  of  Ct-sf-vSI  Sir. 
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Per  cent  change 

100r 

75 

50 


25 

0 

-25 

-50 

-75 

•too 


S\  ’■ 
V\ 
v\\ 

V\  '*■ 
Y\ 

V 

V 


■ . 

t  \  x.  /  ,» 


0  3 


10 


14 


too 

75 


50 

25 


-25 


-50b  t 


-75 


-too 


i 

3  7  to 


> 

•-I 

14 


it 

fiti-  5.  IVr  cent  change  in  the  macrophiige-monoeyle  colony- 
forming  cells  per  Hr1  nucleated  cells  tat  anil  organ  content  of 
marrow  cells  from  <he  long  hones  of  the  legs  ami  the  spleen  tbt 
after  either  a  4  per  cent  body-surface  skin-wound  given  24  h 


Days  after  wound 

h 

before  7  liy  “Vo  irradiation  or  alter  irradiation  only.  The  lines 
drawn  at  •>  represent  the  normal  concentrations  and  organ  con¬ 
tents  The  relative  normal  values  appear  in  Table  5.  Symbols  as  in 
big.  2. 


Table  5 


rtthm-JumiMn  »t'/h  ttf’mw  m  im/  y>/rtn  t dh  urfrr  thk&  wttmtortmm  ml  irmbuikm 
ttf  imnliuii*m  ohIs 


Treaintent 

group 

Tissue 

assayed* 

Assay 

mctlrnd 

hays  alter  wounding 

J 

7  . 

IU 

14 

4  per  cent  body- 

Marrow 

IVr  Iff 

2  20**2211** 

4frf**| 

isrf.-W. 

2  tit?  _*  22k 

surface  skm-wound 

Content 

.  5  M2  *  ?jtb 

1 454*  22? 

7  swt* » m 

24  h  before  7  try 

Spleeo 

fer  Ilf 

.  7**1* 

?U*  12 

4**4 

tS*?  : 

“Vo  uroduitott 

Content 

27.1  *  2U 

2.w*;w 

■'202*22 

S  4*2*444 

7  tty  “Vo  uru- 

Morrow 

IVr  itf 

'  7*t.7U 

m*v. 

Mb?  *  l?4 

Cimtent 

I  44.7*224 

1  142*24? 

|7VR*U4 

b  4b2*  1  <40 

Rpteerr 

IVr  Itf 
Content 

2M*7  \ 

Will 

:  24  *2  , 

M?*b 

'  ■  44*  ? 

IWr*  lb 

4  j  *  < 
4bt*4V 

*  <‘oru.cnliati.Mrs  of  MTH‘  its  normal  marrow  ,;trd  splenic  tissues  were  2  'N*  l<?  and  I4**M  per  10*  ntwleated 
cells.  respectively.  lire  M4TC  contents  of  the  burg  Iwwws  of  the  teg*  and  splernc  Ussues  id  uorinal  nwee  were 
tun 7||.» kicm mul  I2btt?*  lbs?,  respectively.  In ■>  ''nstauces.u*}.. 

**  Values  mdwated  arc  mean  numbers  ol  MVK'i  I  Sit. 

reduced  iti  all  ireahtiettl  situalioits  to  quuttiiiies  Jess  (mii  uf  mumtw  M-CTC  in  mice  wounded  (refute 

than  that  found  in  conliohinireuted  animals.  irradiation  relumed  M  the  t.uige  of  mm-frcaicd  eon* 

Wound-iruumu  before  u  radiation  resulted  in  en-  irol  mice  by  day  14.  while  nil  other  M-t'R*  value*, 

tumced  M-Cl(v  concentration  values  rot  day  3  when  were  reduced  at  least  5U  per  cent.  Ihe  content  »rf 

compared  with  irradiated  coutiolj..  The  coueenlra-  ttili'  in  the  tuyeUiid  Uusuo.  of  all  mice  unuliaicd 
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Ratio 


Days  alter  wound 

ITb.  6,  Riiiitn  of  nnwr»*phii(!v*>tntMHH;vlc  votuny -forming  cells  to 
enlimy  ■forming  uait-ealHiie  cells  obtained  with  imnww  mu) 
splenie  cells  from  mice  alter  either  a  4  per  went  iHHly-smlncc 
»Mn>wmmd  given  J4  h  before  ?  C»v  "to  irradiation  or  alter 
irradiation  only.  Ratios  were  determined  by  dividing  the  MATT 
content  values  listed  tor  the  marrow  and  s^een  in  Table  ?  hy  the 
tl’P-e  content  values  Ikied  in  TaNe  4,  Normal  ratine  given  at 
time  Ware  HI  and  2  forsplcuw  and  marrow  M-CKUW-v  ratio*. 
Symbols  ay ta  Erg,  2.. 


wws  reduced  fur  the  first  todays,  Recovery,  m  about 
50  per  cent  of  rum-treated  control  virtues,  was  ob¬ 
served  on  day  14  in  both  the  spleens  and  marrow 
of  mice  wounded  befor  e  urudulion. 

Ifottioititi 

The  significant  finding  of  the  present  investigation 
is  the  enhancement  of  survival  front  niidlethal  attd 
lethal  doses  of  radiation  in  mice  wounded  24  h  be¬ 
fore  exposure.  ‘This  was  aeeonipanicd  by  increases 
in  vlonogeniv  myeloid  elements  that  appeared  ear¬ 
lier  and  in  greater  rjuaniiiies  titan  those  occurring  in 
irradiated  control  animals. 

In  surgically  traumatized  (rersous.  granulocytes 
and  macrophages  migrate  to  the  wound  site  and 
assist  iu  wound  debridement  U.EUUJVUT4  4c  RUSS 


1975)  and  neutralization  of  foreign  bodies  such  as 
bacteria  (Simpson  &  Ross  1972).  Utilization  of  these 
mature  cells  results  in  an  increased  demand  for 
differentiated  progeny  produced  by  the  myelopoietie 
centers.  Thus.  Phii.ip  et  coll,  observed  an  80  to  90 
per  cent  decrease  in  the  peripheral  blood  content  of 
CFU-e  one  day  after  surgery  and  a  nearly  twofold 
increase  7  days  after  the  operative  procedure.  Thus, 
surgical  trauma  sets  into  motion  myeloproliferative 
responses  which  could,  if  left  undamaged  or  re¬ 
pairable.  aid  in  the  enhancement  of  survival  in  ir¬ 
radiated  mice. 

In  the  present  experiments,  wounding  mice  before 
irradiation  appeared  to  influence  the  mvelocyto- 
poietie  compartments  in  ways  known  to  be  associat¬ 
ed  with  enhancement  of  survival  from  radiation  in¬ 
duced  by  a  variety  of  treatments.  First,  in  the  C‘FU-s 
and  CFU-e  compartments,  concentrations  of  these 
elements  started  to  return  first  in  the  bone  marrow 
and  then  in  the  spleen  sooner  than  that  for  irradiated 
control  mice  (cf,  fables  3. 4).  Secondly,  in  the  com¬ 
bined  injured  animal,  the  marrow  and  splenic  con¬ 
centrations  of  CFU-e  and  M-CFC  were  not  reduced 
to  the  levels  seen  in  irradiated  mice.  These  observa¬ 
tions.  taken  together  with  the  findings  that  myeloid 
proliferative  elements  are  necessary  to  enhance  sur¬ 
vival  in  irradiated  animals  (Mi  Ct  l  intH  &  Till 
1964k  can  account  for  the  enhanced  survival  of 
wounded  irradiated  mice. 

In  normal  mice,  the  splenic  and  bone  marrow  cell 
ratios  of  M-CFC/CFU-e  (Fig,  ftt  are  about  10  and  2. 
respectively.  In  irradiated  mice,  increases  in  these 
ratios  on  day  3  for  marrow  (from  2  to  10)  and  on  day 
1  for  spleen  (front  10  to  100)  ate  accounted  for  by  the 
greater  relative  losses  of  CFU-e  continued  w  ith  M- 
CFC  rather  than  relatively  enhanced  M-CFC  pro¬ 
duction,  Wounding  before  irradiation  resulted  in 
marrow  M-CFC/CFU-e  ratios  at  the  times  tested 
thtil  varied  little  about  the  normal  ratio  of  2.  This  is 
considered  to  mean  that  there  is  uniiorm  loss  and 
recovery^  uf  ‘normal'  production  ratios  of  both  cell 
populations  during  recovery  even  from  the  com¬ 
bined  stress  condition.  In  the  spleen  of  the  combined 
injured  animal,  the  rath*  is  moderately  increased 
during  the  iirst  week  alter  trauma  due  to  a  greater 
relative  toss  of  CFU-e  as  compared  with  uormal 
controls.  However,  the  rath*  is  decreased  during  the 
second  week  of  recovery  to  one  or  iwo  per  cent  of 
that  in  normal  animals.  This  is  explained  by  the 
greater  relative  increases  in  CFU-e  over  M-CFC 
increase*,  during  that  time,  lire  reason  for  tliis  is 
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unknown  but  it  may  be  due  to  (1)  the  biologic  re¬ 
quirement  for  mature  granulocytes  to  assist  against 
microbial  complications  and  (2)  the  response  to  the 
negative  feed  back  signal  of  granulocytopenia  occur¬ 
ring  after  irradiation. 

It  is  conceivable  that  the  robust  splenic  myelo¬ 
proliferative  response  in  wounded  mice  in  the  post¬ 
irradiation  period  could  account  for  the  enhance¬ 
ment  of  survival.  Splenic  extramedullary  myelo- 
cytopoiesis  in  mice  and  the  lack  thereof  in  rats 
may  also  be  the  reasons  for  the  conflicting  data 
surrounding  wound-enhanced  survival  from  radia¬ 
tion  in  rodents.  However,  previously  it  was  deter¬ 
mined  that  wounding  enhances  survival  equally  well 
in  splenectomized,  sham-splenectomized  mice  and 
in  control  unoperated  mice  given  9  Gy  radiation 
(Ledney  et  coll.  1981).  This  suggests  that  en¬ 
hanced  survival  of  mice  wounded  before  irradiation 
is  independent  of  extramedullary  splenic  myelo- 
cytopoiesis. 

The  physiologic  stimulus  of  skin  wounding  and 
subsequent  healing  result  in  a  number  of  changes  in 
the  mature  cells  of  the  peripheral  blood  pool 
(Bryant  1977).  For  example,  erythrocytes  are  lost 
through  the  wound  site,  and  platelets,  through  their 
aggregation  and  adhesion  capacities,  attempt  to 
maintain  homeostasis  (Moreno  1975).  Along  these 
lines,  in  mice,  the  daily  removal  of  about  20  per  cent 
of  the  blood  volume  for  4  consecutive  days  en¬ 
hanced  survival  from  midlethal  doses  of  irradiation 
(Marsh  et  coll.  1968).  However,  splenectomy 
abolished  the  radiation  protective  effect. 

It  is  tempting  to  think  that  the  survival  was  en¬ 
hanced  by  hemorrhage-induced  aplasia.  However, 
hematocrits  taken  one  day  after  wounding  (39+3  %) 
were  not  significantly  different  from  that  of  control 
values  (42+3%).  Additionally,  splenectomy  did  not 
abolish  the  enhanced  survival  seen  in  wounded  and 
irradiated  mice  (Ledney  et  coll.  1980), 

The  mechanism  by  which  wounding  seems  to 
stimulate  myeloproiifcration  and  survival  from 
radiation  is  unclear.  However,  intestinal  cell-tight 
junctions  are  disrupted  in  mice  and  rats  after  radia¬ 
tion  injury  (Walker  &  Pokvaznik  1978,  Por- 
vaznik  1979),  and  endotoxin,  released  by  the  intes¬ 
tinal  microflora,  may  pass  through  the  injured  sites 
into  the  circulation.  Along  these  lines,  endotoxin, 
when  injected  shortly  before  or  after  irradiation, 
protects  both  conventional  (Smith  et  coll.  1958, 
Ainsworth  et  coll.  1970)  and  germ-free  animals 
(Ledney  &  Wilson  1965).  Additionally,  endotoxin 


is  a  potent  stimulator  of  colony-stimulating  factor 
(CSF;  Quesenberry  et  coll.  1972),  and  CSF  is  in¬ 
creased  in  the  serum  of  conventional  mice  sub¬ 
sequent  to  radiation  injury  (Hall  1969,  Morley  et 
coll.  1971).  CSF,  generated  by  host  tissues  in  re¬ 
sponse  to  tissue  trauma,  may  also  enhance 
myelocytopoiesis  (Metcalf  1977)  and  this,  in  con¬ 
junction  with  the  endotoxin-stimulated  CSF,  may 
account  for  wound-enhanced  survival  from  radia¬ 
tion.  Work  is  in  progress,  testing  this  thesis. 

SUMMARY 

Skin  wounding  at  24  h  before  whole-body  li0Co  irradia¬ 
tion  of  mice  raised  the  LD.-,0/aii  from  8.09  to  9.71  Gy 
resulting  in  a  dose  reduction  factor  of  1 .2.  Concentrations 
and  quantities  of  myeloproliferative  cells  were  examined 
at  3,  7,  10,  and  14  days  after  7  Gy,  skin  wounding  24  h  be¬ 
fore  7  Gy  and  in  control  non-treated  mice.  Wounding  before 
irradiation  provoked  an  increase  in  marrow  and  splenic 
clonogenic  cells  that  was  earlier  and  greater  than  that 
noted  for  irradiated  mice.  Supranorma)  levels  of  splenic 
CFU-s  and  CFU-c  were  found  in  animals  wounded  before 
irradiation.  M-CFC  values  were  depressed  throughout, 
although  greater  for  combined  injured  animals  than  for 
irradiated  mice. 
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